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14. Frequency Response

14.1. Evaluation Results Based on EVS v.12.0.0

The measurement results presented in this clause are based on the codec version used for the EVS codec selection, v.12.0.0. 

14.1.1 Evaluation Setup
The first step in the evaluation is the scaling with regard to a certain overload point. In [2] the problem of different values (3.0 vs 9.0 dBm0) was discussed. In this contribution, these two overload points for the conversion from the physical unit Volt to 16-bit scale were taken into account.
Since the overload point (OVLP) refers to a full-scale sine wave (with level Tmax = -3.01 dBov according to [3]), for the scaling between dBov and dBm0 resp. dBV, the following notation can be made:

[image: image1.png]x[dBov] = y[dBmO0] — (OVLP [dBmO0] + T,,.[dBov])




[image: image2.png]& x[dBov] = z[dBV] + 2.21dB — (OVLP [dBm0] + T,,,,. [dBov])




Example: For an OVLP of 3.0 dBm0, the scaling between dBV and dBov is defined as:

[image: image3.png]x[dBov] = z[dBV] + 2.21 dB — (3.0 dBm — 3.01 dBov))
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The scaling back to the physical unit Volt was applied in the corresponding inverse way.

After scaling, the next step included the encoding and decoding of the audio data. This was conducted with the provided command line executable. The source code was not recompiled to a new binary. 
For the evaluation of narrowband, wideband, and super-wideband mode, all bit rates which are available in each bandwidth mode according to Table 1 of [1] were used.

14.1.2 General

Several tests according to 3GPP TS 26.132 [4] were performed in order to evaluate the performance according to [5] of the EVS codec. This measurement standard is originally intended for acoustic testing of terminals. Since the EVS codec is regarded as the “device under test”, only electrical insertions are reasonable for testing and thus only measurements in (acoustic) receiving direction are taken into account. 

In narrowband the test signal bandlimitation as defined in 3GPP TS 26.132 [4] was used. For superwideband the ITU-T P.501 [6] test signals were downsampled to 32 kHz. For fullband the original speech signals from ITU-T P.501 [6] were used.

With this approach, the EVS codec can be evaluated with typical test scenarios, which will occur in real-life applications with mobile phones.
The following graphs include multiple curves representing the different bit rates within each bandwidth mode. For the sake of clarity, the corresponding legends are not repeated in each graph, Table 1 shows the legends used in the following sections.
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Table 1: Legends for different bit rates

14.1.3 EVS-Mode: Narrowband (NB) -- Frequency Response with Real Speech
In narrowband mode, a sampling rate of 8 kHz and all bit rates (5.9, 7.2, 8.0, 9.6, 13.2, 16.4 and 24.4 kbit/s) according to Table 1 of [1] were used. The two possible target overload points 3.0 and 9.0 dBm0 were used by default for all analyses.

It should be noted, that even though Table 1 of [1] states that a narrowband signal can be encoded with 16.4 and 24.4 kbit/s, the provided command line executable produces a bitstream with 13.2 kbit/s. Therefore, the magenta, the blue, and the grey curves are identical in the plots of this section and the last three rows of Table 2 and Table 3 state the same values.

The following results are produced by applying the measurement instructions according to clause 7.4.2 of [4]. To simulate also the impact of level variations, additional overload points of 21.0 and 39.0 dBm0 were also simulated. These overload points do not represent a realistic conversion, they are only used for checking the linearity of the codec and can be regarded as attenuations of 18.0 resp. 36.0 dB compared to the overload point of 3.0 dBm0.
	[image: image9.emf]Freq. Resp. P.501 [EVS-NB - Overload point = 3.0 dBm0]


L/dB





-30


-20


-10


0


10


20


f/Hz


120


160


240


300


400


800


1200


1600


2400


4000




Freq. Resp. P.501 [EVS-NB - Overload point = 3.0 dBm0]L/dB



-30 -20 -10 0 10 20

f/Hz 120 160 240 300 400 800 1200 1600 2400 4000


	[image: image10.emf]Freq. Resp. P.501 [EVS-NB - Overload point = 9.0 dBm0]
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	[image: image11.emf]Freq. Resp. P.501 [EVS-NB - Overload point = 21.0 dBm0]
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	[image: image12.emf]Freq. Resp. P.501 [EVS-NB - Overload point = 39.0 dBm0]
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	Figure 1: Frequency response for NB for different overload points


The results of this analysis are shown in Figure 1. For the default and extra overload points, the codec meets the given tolerance scheme according to [5] for all bit rates.

14.1.4 EVS-Mode: Wideband (WB) – Frequency Response with Real Speech
In wideband mode, a sampling rate of 16 kHz and all bit rates (5.9, 7.2, 8.0, 9.6, 13.2, 16.4, 24.4, 32.0, 48.0, 64.0, 96.0 and 128.0 kbit/s) according to Table 1 of [1] were used. The two possible target overload points 3.0 and 9.0 dBm0 were used by default for all analyses.
The following results are produced by applying the measurement instructions according to clause 8.4.2 of [4]. To simulate also the impact of level variations, additional overload points of 21.0 and 39.0 dBm0 were also simulated. These overload points do not represent a realistic conversion, they are only used for checking the linearity of the codec and can be regarded as attenuations of 18.0 resp. 36.0 dB compared to the overload point 3.0 dBm0.

	[image: image13.emf]Freq. Resp. P.501 [EVS-WB - Overload point = 3.0 dBm0]
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	[image: image14.emf]Freq. Resp. P.501 [EVS-WB - Overload point = 9.0 dBm0]
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	[image: image15.emf]Freq. Resp. P.501 [EVS-WB - Overload point = 21.0 dBm0]
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	[image: image16.emf]Freq. Resp. P.501 [EVS-WB - Overload point = 39.0 dBm0]
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	Figure 11: Frequency response for WB for different overload points


The results of this analysis are shown in Figure 11. For the default and extra overload points, the codec meets the given tolerance scheme according to [5] for all bit rates.

14.1.5 EVS-Mode: Super-Wideband (SWB) – Frequency Response with Real Speech
In super-wideband mode, a sampling rate of 32 kHz and all bit rates (9.6, 13.2, 16.4, 24.4, 32.0, 48.0, 64.0, 96.0 and 128.0 kbit/s) according to Table 1 of [1] were used. The two possible target overload points 3.0 and 9.0 dBm0 were used by default for all analyses.

It should be noted, that even though Table 1 of [1] states that a signal can be encoded in super-wideband mode with 9.6 kbit/s, the provided command line executable encodes effectively only the wideband bandwidth up to 8 kHz. Therefore, the green curve violates the tolerance schema in Figure 21, Figure 22, and Figure 30. 
The following results are produced by applying measurement instructions similar to clause 8.4.2 of [4] which are adapted to super-wideband by replacing the source signal with a fullband version of the same file and extending the tolerance schema to 14 kHz. To simulate also the impact of level variations, additional overload points of 21.0 and 39.0 dBm0 were also simulated. These overload points do not represent a realistic conversion; they are only used for checking the linearity of the codec and can be regarded as attenuations of 18.0 resp. 36.0 dB compared to the overload point 3.0 dBm0.

	[image: image17.emf]Freq. Resp. P.501 [EVS-SWB - Overload point = 3.0 dBm0]
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	[image: image18.emf]Freq. Resp. P.501 [EVS-SWB - Overload point = 9.0 dBm0]
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	[image: image19.emf]Freq. Resp. P.501 [EVS-SWB - Overload point = 21.0 dBm0]
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	[image: image20.emf]Freq. Resp. P.501 [EVS-SWB - Overload point = 39.0 dBm0]
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	Figure 21: Frequency response for SWB for different overload points


The results of this analysis are shown in Figure 21. For the default and extra overload points, the codec meets the given tolerance scheme according to [5] for all bit rates but 9.6 kbit/s as explained above.

14.1.6 Conclusions 

In narrowband mode, all bit rates pass all requirements of [5]. 

Across all bitrates and for various operating bandwidths NB/WB/SWB, the EVS codec version 12.0.0 meets the frequency response tolerance requirements over an extended range of overload points when tested using real speech.
Note that more detailed results can be found in Annex D.
14.2 Evaluation Results Based on EVS v12.1.0 [7]
The measurement results presented in this clause are based on the release codec version 12.1.0. The measurement results presented include the fullband version which is available in the release version. It shows that the error found in the pre-release version in wideband 9.6 kb/s mode is corrected. For all tests except 5.9 kb/s bitrate DTX was deactivated.

14.2.1 Evaluation Setup

The first step in the evaluation is the scaling with regard to a certain overload point. In [2] the problem of different values (3.0 vs 9.0 dBm0) was discussed. In this contribution, these two overload points for the conversion from the physical unit Volt to 16-bit scale were taken into account.
Since the overload point (OVLP) refers to a full-scale sine wave (with level Tmax = -3.01 dBov according to [3]), for the scaling between dBov and dBm0 resp. dBV, the following notation can be made:

[image: image21.png]x[dBov] = y[dBmO0] — (OVLP [dBmO0] + T,,.[dBov])




[image: image22.png]& x[dBov] = z[dBV] + 2.21dB — (OVLP [dBm0] + T,,,,. [dBov])




Example: For an OVLP of 3.0 dBm0, the scaling between dBV and dBov is defined as:

[image: image23.png]x[dBov] = z[dBV] + 2.21 dB — (3.0 dBm — 3.01 dBov))
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The scaling back to the physical unit Volt was applied in the corresponding inverse way.

After scaling, the next step included the encoding and decoding of the audio data. This was conducted with the provided command line executable. The source code was not recompiled to a new binary. 
For the evaluation of narrowband, wideband, and super-wideband mode, all bit rates which are available in each bandwidth mode according to Table 1 of [1] were used.

14.2.2 General

Several tests according to 3GPP TS 26.132 [4] were performed in order to evaluate the performance according to [5] of the EVS codec. This measurement standard is originally intended for acoustic testing of terminals. Since the EVS codec is regarded as the “device under test”, only electrical insertions are reasonable for testing and thus only measurements in (acoustic) receiving direction are taken into account. 

In narrowband the test signal bandlimitation as defined in 3GPP TS 26.132 [4] was used. For superwideband the ITU-T P.501 [6] test signals were downsampled to 32 kHz. For fullband the original speech signals from ITU-T P.501 [6] were used.

With this approach, the EVS codec can be evaluated with typical test scenarios, which will occur in real-life applications with mobile phones.

The following graphs include multiple curves representing the different bit rates within each bandwidth mode. For the sake of clarity, the corresponding legends are not repeated in each graph, Table 1 shows the legends used in the following sections.
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Table 1: Legends for different bit rates

14.2.3 EVS-Mode: Narrowband (NB) – Frequency Response with Real Speech
In narrowband mode, a sampling rate of 8 kHz and all bit rates (5.9, 7.2, 8.0, 9.6, 13.2, 16.4 and 24.4 kbit/s) according to Table 1 of [1] were used. The two possible target overload points 3.0 and 9.0 dBm0 were used by default for all analyses.
The following results are produced by applying the measurement instructions according to clause 7.4.2 of [4]. To simulate also the impact of level variations, additional overload points of 21.0 and 39.0 dBm0 were also simulated. These overload points do not represent a realistic conversion, they are only used for checking the linearity of the codec and can be regarded as attenuations of 18.0 resp. 36.0 dB compared to the overload point of 3.0 dBm0.

	[image: image29.emf]Freq. Resp. P.501 [EVS-NB - Overload point = 3.0 dBm0]
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	[image: image30.emf]Freq. Resp. P.501 [EVS-NB - Overload point = 9.0 dBm0]
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	[image: image31.emf]Freq. Resp. P.501 [EVS-NB - Overload point = 21.0 dBm0]
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	[image: image32.emf]Freq. Resp. P.501 [EVS-NB - Overload point = 39.0 dBm0]
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	Figure 31: Frequency response for NB for different overload points


The results of this analysis are shown in Figure 1. For the default and extra overload points, the codec does not violate the given tolerance scheme according to [5] for all bit rates.

The results when using 1/3rd octave instead of 1/12th octave analysis are in Figure 32.

	[image: image33.emf]Freq. Resp. P.501 [EVS-NB - Overload point = 3.0 dBm0]
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	[image: image34.emf]Freq. Resp. P.501 [EVS-NB - Overload point = 9.0 dBm0]


L/dB





-30


-20


-10


0


10


20


30


f/Hz


120


160


240


300


400


800


1200


1600


2400


4000




Freq. Resp. P.501 [EVS-NB - Overload point = 9.0 dBm0]L/dB



-30 -20 -10 0 10 20 30

f/Hz 120 160 240 300 400 800 1200 1600 2400 4000



	
	

	Figure 32: Frequency response EVS NB in 1/3rd Oct. for different overload points with P.501 speech signals




14.2.4 EVS-Mode: Wideband (WB) – Frequency Response with Real Speech
In wideband mode, a sampling rate of 16 kHz and all bit rates (5.9, 7.2, 8.0, 9.6, 13.2, 16.4, 24.4, 32.0, 48.0, 64.0, 96.0 and 128.0 kbit/s) according to Table 1 of [1] were used. The two possible target overload points 3.0 and 9.0 dBm0 were used by default for all analyses.
The following results are produced by applying the measurement instructions according to clause 8.4.2 of [4]. To simulate also the impact of level variations, additional overload points of 21.0 and 39.0 dBm0 were also simulated. These overload points do not represent a realistic conversion, they are only used for checking the linearity of the codec and can be regarded as attenuations of 18.0 resp. 36.0 dB compared to the overload point 3.0 dBm0.

	[image: image35.emf]Freq. Resp. P.501 [EVS-WB - Overload point = 3.0 dBm0]
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	[image: image36.emf]Freq. Resp. P.501 [EVS-WB - Overload point = 9.0 dBm0]
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	[image: image37.emf]Freq. Resp. P.501 [EVS-WB - Overload point = 21.0 dBm0]
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	[image: image38.emf]Freq. Resp. P.501 [EVS-WB - Overload point = 39.0 dBm0]
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	Figure 42: Frequency response for WB for different overload points


The results of this analysis are shown in Figure 42. For the default and extra overload points, the codec does not violate the given tolerance scheme according to [5] for all bit rates.

Instead of 1/12th octave analysis was used. The results using 1/3rd octave analysis are shown in Figure 43.
	[image: image39.emf]Freq. Resp. P.501 [EVS-WB - Overload point = 3.0 dBm0]
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	[image: image40.emf]Freq. Resp. P.501 [EVS-WB - Overload point = 9.0 dBm0]
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	Figure 43: Frequency response EVS WB in 1/3rd Oct. for different overload points with P.501 speech signals


14.2.5 EVS-Mode: Super-Wideband (SWB) – Frequency Response with Real Speech
In super-wideband mode, a sampling rate of 32 kHz and all bit rates (9.6, 13.2, 16.4, 24.4, 32.0, 48.0, 64.0, 96.0 and 128.0 kbit/s) according to Table 1 of [1] were used. The two possible target overload points 3.0 and 9.0 dBm0 were used by default for all analyses. 
The following results are produced by applying measurement instructions similar to clause 8.4.2 of [4] which are adapted to super-wideband by replacing the source signal with a fullband version of the same file. To simulate also the impact of level variations, additional overload points of 21.0 and 39.0 dBm0 were also simulated. These overload points do not represent a realistic conversion; they are only used for checking the linearity of the codec and can be regarded as attenuations of 18.0 resp. 36.0 dB compared to the overload point 3.0 dBm0.

	[image: image41.emf]Freq. Resp. P.501 [EVS-SWB - Overload point = 3.0 dBm0]
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	[image: image42.emf]Freq. Resp. P.501 [EVS-SWB - Overload point = 9.0 dBm0]
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	[image: image43.emf]Freq. Resp. P.501 [EVS-SWB - Overload point = 21.0 dBm0]
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	[image: image44.emf]Freq. Resp. P.501 [EVS-SWB - Overload point = 39.0 dBm0]
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	Figure 53: Frequency response for SWB for different overload points


The results of this analysis are shown in Figure 53. For the default and extra overload points, the codec provides an accurate transmission behavior for all bit rates.
The results for the 1/3rd octave analysis are shown in Figure 54.
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	Figure 54: Frequency response EVS SWB in 1/3rd Oct. for different overload points with P.501 speech signals




14.2.6 EVS-Mode: Fullband (FB) – Frequency Response with Real Speech
In fullband mode, a sampling rate of 48 kHz and all possible bit rates (16.4, 24.4, 32.0, 48.0, 64.0, 96.0 and 128.0 kbit/s) according to Table 1 of [1] were used. The two possible target overload points 3.0 and 9.0 dBm0 were used by default for all analyses. 
The following results are produced by applying measurement instructions similar to clause 8.4.2 of [4] which are adapted to fullband by replacing the source signal with a fullband version of the same. To simulate also the impact of level variations, additional overload points of 21.0 and 39.0 dBm0 were also simulated. These overload points do not represent a realistic conversion; they are only used for checking the linearity of the codec and can be regarded as attenuations of 18.0 resp. 36.0 dB compared to the overload point 3.0 dBm0. The results of this analysis are shown in Figure 64. 
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	[image: image48.emf]Freq. Resp. P.501 [EVS-FB - Overload point = 9.0 dBm0]
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	[image: image49.emf]Freq. Resp. P.501 [EVS-FB - Overload point = 21.0 dBm0]
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	[image: image50.emf]Freq. Resp. P.501 [EVS-FB - Overload point = 39.0 dBm0]
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	Figure 64: Frequency response for FB for different overload points


For lower codec rates (16.4 and 24.4 kbit/s, red/green curves), the transmission characteristics show some slight degradations for frequencies between 15 and 20 kHz.
14.2.7 Conclusions 
In narrowband mode, all bit rates pass all requirements of [5]. 
Across all bitrates and for various operating bandwidths NB/WB/SWB, the EVS codec version 12.1 exceeds the frequency response tolerance requirements over an extended range of overload points when tested using both real speech and composite source signal.
The fullband mode was introduced with the release version 12.1.0. Since no requirements are available for this mode, results can only be reported. However, besides some slight degradation in the frequency response evaluations, the codec accurately performs on all tests.
Note that more detailed results can be found in Annex D.

14.3 Evaluation Results Based on EVS v.12.3.0
EVS fixed-point version 12.3.0 (S4-150292) was used to compute frequency responses reflecting the latest codec.

14.3.1 Evaluation Setup

Objective speech databases at 8, 16, 32 and 48 kHz (of length around 800s) were created in a way similar to the objective speech database generation from EVS qualification. The database generation procedure is described below:

· Only original speech files contributed to EVS qualification by companies from the 12 EVS PCs were used, under the agreement from these companies to reuse speech files. Two specific speech files containing artifacts that may artificially influence the measured responses were discarded.

· The processing steps to create the databases at 8, 16, 32 kHz were slightly modified to skip high-pass pre-filtering (MSIN or HP50) and to use high-quality FFT-based resampling to extend the audio bandwidth close to Nyquist frequency for resampled signals. The processing steps are as summarized below:

· Windowing (100 ms) by trailing/ending cosine window

· Rate change from 48 kHz to 8, 16 or 32 kHz

· P.56 active speech level adjustment at -26 dBov

· Concatenation of preamble, speech files with inserted extra silence to reach an activity level of 41% (±1%).

In addition, an objective speech database at 48 kHz was also created.

Frequency responses were computed with a transfer function estimate based on average modified periodograms of the codec input and output. A time support of 32 ms for the Hanning analysis window was used with 50% overlap in this setup.

The codec operation in DTX on and off was tested. For the 13.2 kb/s channel-aware mode, the default configuration (FEC indicator: HI, FEC offset: 3) was used.

14.3.2 Evaluation Results using Real Speech with DTX on
Figure A shows results for the objective speech databases and EVS codec version under test, for DTX on.
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Figure A: Frequency responses using real speech, DTX on
14.3.3 Evaluation Results using Real Speech with DTX off

Figure B provides results for the objective speech databases and EVS codec version under test, for DTX off.
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Figure B: Frequency responses using real speech, DTX off
14.3.4 Conclusions

It is important to note that the measured responses depend on the test sequence (speech) under test, as the codec is not linear and time-invariant; furthermore, the frequency response measurement method can be interpreted as verifying the energy matching behavior of the codec output with respect to the codec input, with some dominant effect from high-energy spectral components due to spectrum averaging.

The following conclusions may be derived for the test conditions under consideration:

· The frequency response of EVS-NB is quite similar across modes, with slightly more attenuation for 5.9 VBR above 3.4 kHz.

· For EVS-WB the lower bit rate modes (5.9VBR, 7.2, 8) have lower audio bandwidth than higher bit rate modes; the responses get near flat for increasing bit rates up to 128 kbit/s.

· For EVS-SWB at bit rates up to 13.2 kb/s, the upper limit of decoded audio bandwidth is around 14 kHz while for higher bit rates EVS-SWB has a frequency response extending to 16 kHz. The responses get near flat for increasing bit rates up to 128 kb/s.

· For EVS-FB, the responses extend up to 20 kHz at all bit rates; the responses are similar to EVS-SWB for the 0-16 kHz range and the responses in the 16-20 kHz range depend on bit rate.

· For EVS-IO (AMR-WB IO), the two lower bit rates have more attenuation and other bit rates have similar responses up to 6.4 kHz; above 6.4 kHz the attenuation is less pronounced with increasing bit rate.

Overall DTX on or off has little influence on the measured responses for the test conditions (note that 5.9 VBR works in DTX on always).
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Annex D:
Attachments

Attachements to the present document include:

1)
Excel sheet containing the EVS Selection Phase Test Results

2)
Excel sheet containing the EVS Characterization Phase Test Results
3)  Contribution S4-150540
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